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ACIDITY OF HALF-SOUR DILL PICKLES

G. M. SAPERS, J. CARRE and 0. PANASIUK

ABSTRACT

Factors affecting the acidity of half-sour dill pickles prepared by
recipes published in cookbooks were investigated. Recipes varied
widely in ingredient proportions and procedures. The pH of cucum-
ber-brine homogenates simulating unfermented products exceeded
pH 4.6 with 10 of 14 recipes examined. The pH of fermented half-
sour pickles was excessively high if products contained insufficient
vinegar and were prepared with boiling rather than cool brine.

INTRODUCTION

HALF-SOUR dill pickles, also referred to by such names as
new or overnight kosher dill pickles, have gained widespread
acceptance in the United States in recent years (Etchells et
al., 1976). These products originated as traditional eastern
European specialties, and many recipes for their prepara-
tion at home have been published.

Because of the relatively low acidity of half-sour dill
pickles, with some commercially prepared samples exceed-
ing pH 5.2 (Etchells et al., 1976), the Food and Drug Ad-
ministration has expressed concern about the safety of this
product (Gardner, 1976). Several outbreaks of botulism
have been associated with home-made pickles in the United
States (Meyer and Eddie, 1965; Mundt et al., 1966). Ito et
al. (1976) have demonstrated that C. botulinum is capable
of growth and toxin formation in cucumber puree adjusted
to pH values of 5.0 or higher, but not at pH 4.8 or below.

Because of these indications of potential hazard, we con-
ducted studies to determine whether published recipes for
the preparation of half-sour pickles, or inappropriate modi-
fications thereof, might yield high pH products. The results
of these studies are reported herein.

MATERIALS & METHODS

PICKLING-TYPE cucumbers were purchased at local produce mar-'

kets or obtained from Fordhook Farms, The W. Atlee Burpee Co.
experiment station in Doylestown, PA (cultivar specified). Fourteen
published recipes for half-sour dill pickles, representing typical for-
mulations and procedures, were selected for study. A model system
was devised to simulate unfermented products made according to
these recipes and to permit the estimation of their equilibrium pH,
acidity, and salt content. Cucumber puree, homogenized in a Waring
Blendor at high speed for 2 min, was combined with brine contain-
ing water, salt and vinegar (50 grain; all vinegar additions described
herein refer to this strength) as specified by the recipes. Cucumber-
brine combinations were mixed with a magnetic stirrer for 10 min
before being analyzed. This-model system yielded pH and titratable
acidity values similar to those obtained with corresponding unfer-
mented brined cucumbers which had been pasteurized by immersing
jars in a boiling water bath for 10 min, cooled and equilibrated at
25°C for 7—12 days prior to analysis.

The effect of using hot or cold brine on acid formation in fer-
menting half-sour dill pickles was investigated with recipes D and E
(Table 1) and two cucumber cultivars: Burpee Pickler and Liberty
Hybrid. Brine was prepared by pouring boiling or cool distilled wa-
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ter over the cucumbers and other ingredients contained in quart jars.
Jars were loosely closed to permit free gas exchange or tightly
closed to obtain a gas-tight seal. Samples were incubated at 21° or
25°C for 3 and 7 days before being analyzed for pH and titratable
acidity.

Pickle samples for analysis were homogenized for 2 min at low
speed in a stainless steel semi-micro blendor jar. The pH of brine or
homogenate samples was measured with an expanded scale pH me-
ter and glass and fiber junction calomel reference electrodes, stand-
ardized with pH 4.00 buffer. The titratable acidity of brines and
pickle homogenates was determined by titrating a 10-g sample, dil-
uted with 40 ml distilled H,O, with 0.IN NaOH to a pH 8.1 end
point. Sodium chloride was determined as chloride by AgNO, titra-
tion with a chromate indicator (2.109, AOAC, 1970).

RESULTS & DISCUSSION

KEY ELEMENTS of 14 typical recipes for home-made
half-sour dill pickles are summarized in Table 1. These rec-
ipes vary greatly in specifications for added vinegar (if used
at all), added salt, and the proportion of cucumbers to
brine (pack-out ratio). The recipes also differ in their ap-
proach to certain important steps of the pickling process,
i.e., the addition of hot or cool brine to cucumbers, the use
of crocks, loosely closed or tightly sealed jars, and the use
of fermentation times varying from 2-3 days to 3 wk at
room temperature.

Since half-sour dill pickles may be consumed after little
or no fermentation, we estimated the pH, acidity and salt
content of unfermented products corresponding to the rec-
ipes described previously by means of the model system
(Table 1). The pH of many of these simulated products,
including some containing added vinegar (F, G and J),
would be high enough to permit the growth of C. botu-
linum, assuming other conditions to be favorable for
growth. Etchells et al. (1976) recommended an acidifica-
tion level sufficient to lower the product pH to 4.5—4.6 or
below for satisfactory preservation during refrigerated stor-
age. Only 4 of the 14 recipes yielded unfermented products
having pH values of 4.6 or lower. These corresponded to
acidification levels ‘equivalent to 1—2 tablespoon (15-30
ml) of vinegar per quart. Etchells et al. (1976) estimated
that 15—20 ml of vinegar per quart would be required for
the smaller sizes of pickling cucumbers which are higher in
pH, more highly buffered, and can be packed at a higher
cucumber-to-brine ratio than larger cucumbers. We have
found that the quantity of vinegar required to lower the pH
of blended cucumbers to 4.6 in the model system can be as
high as 5.3 ml per 100g for some highly buffered cucumber
samples. This is equivalent to a level of addition of 28 ml
vinegar per quart of brined cucumbers for a pack-out ratio
of 60/40 or 33 ml per quart for a pack-out ratio of 70/30,
the highest encountered in this study.

The salt content of simulated unfermented half-sour dill
pickles varied between 0.7 and 3.1% for the unacidified
products which had pH values between 5.5 and 5.7. Ro-
berts and Ingram (1973) reported that at least 5—6% salt
would be required to inhibit the growth of C. botulinum in
this pH range. Data cited by Riemann et al. (1972) suggest
that the salt contents of the higher pH acidified products
(recipes F, G and J) would probably be sufficient to inhibit
the growth of C. botulinum.

Since the acidity of half-sour pickles depends in part on



Table 1—Published recipes for half-sour dill pickles

Proportions

Composition of
unfermented products®

(parts by weight) Container & Titratable )

Brine tightness Fermentation acidity  NaCl

Recipe Reference Cucumber Water Vinegar Salt addition of seal time (days) pH (meq/100g) (%)

A Stechishin (1975) 135 100 0 7.5 Boilingb Jar, tight 2-3 5.5 0.8 3.1d

B Levinson (1965) 155 100 0 40  Cool Crock 3-4 5.6 09 1.56d

C Berg and Waldo (1955) 135 100 0 5.0 Cool Jar, NS2 10 5.6 08 2.1d

D London and Bishov (1971) 135 100 0 50 Cool Jar, tight 14 5.6 0.8 2.1d

E Woman's Day (1966) 135 100 0 1.6 Cool Jar, tight 14 5.7 0.8 0.7d
F Bar-David (1973) 138 100 2.1b 84 Cool Jar, NS “few’’ 5.0 1.4 4.0
G Froud (1972) 220 100 3.0b . 9.0 Cool Jar, NS 7-21 5.0 1.6 3.3
H Edlin and Spector (1964) 216 100 8.4 5.6 Hot Crock NS 4.5 29 2.2
I Lesem (1975) 945 100 7.1 6.4 Boiling Jar, loose NS 4.1 34 3.9
J Grossinger (1958) 194 100 1.6 84  Cool Crock or jar 5 5.2 1.4 3.4
K Leonard (1951) 216 100 3.7 84 Boiling Jar, loose 8—10 4.7 2.3 3.0
L Leonard (1951) 130 100 3.8 5.0 Boiling Jar, loose 10 4.6 2.4 2.6
M Reasoner et al., (1963) 73 100 6.3 8.4 Cool Crock 14 4.2 3.3 5.0
N Etchells et al., (1976) 181 100 4.2 5.8 Cool Jar, NS Refrigerated 4.7 2.3 2.6

a NS = not specified

b Optional

¢ Simulated with cucumber puree-brine combination
d Calculated from recipe

the fermentation process, we investigated the effects of var-
iations in pickling methods, as described in Table 1, on acid
formation during fermentation. We found that products
prepared with boiling brine were consistently higher in pH
and lower in titratable acidity than were the same products
prepared with cool brine (Table 2). Fermenting cucumbers
lagged behind the brine in pH and titratable acidity but
followed the same trends. We observed the hot brine effect
with- two_cucumber cultivars—Burpee Pickler and Liberty
Hybrid, when recipe D was used mstead of recipe E, and
when samples were fermented at 25°C rather than at 21 C.
Pickles prepared w1th hot brine remained above pH 5.0
even after 1 wk at 21°C. At the higher incubation tempera-
ture, the fermentation proceeded more rapidly, pH values
falling below 4.6 after 1 wk. Lid tightness had no effect on
pH or titratable acidity in these experiments. The addition
of boiling water to jars containing cucumbers, salt and
other ingredients might be expected to greatly reduce their
microbial load, thereby delaying and perhaps modifying the
fermentation and inhibiting acid formation in the product.
These results suggest that the practice of preparing unacidi-
fied half-sour pickles with boiling brine may be unwise
since the product pH may be above 4.6 for an extended
period of time.

Several recent publications for home picklers have indi-
cated that *..all pickled products should be heat pro-
cessed” (i.e., home canned) as a “safety measure” (McNair,
1975) or to prevent spoilage (Kendall, 1976). Guthrie and

Guthrie (1974) suggest that picklers wishing to home can a
pickled product for which no processing time is specified
might use 5—15 min in a boiling water bath. Such instruc-
tions are inappropriate for half-sour pickles which may ex-
ceed pH 4.6 if insufficient vinegar is added and the fermen-
tation is retarded, i.e., by the addition of hot brine or by
refrigeration (Etchells et al., 1976). To avoid a potential
risk of botulism, cookbooks and other sources of home
pickling 1nformat10n should make a sharp distinction be-

‘tween half-sour d111 pickles which should never be thermally

processed at 100°C and other more acidic pickled products
which may be heat processed.
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Table 2—Effect of hot brine on the acidity of fermented half-sour dill picklesa

pH Titratable acidityP
Brine Pickle Brine Pickle
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added Trial 3 days 7 days 3 days 7 days 3 days 7 days 3 days 7 days
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a Prepared with Liberty Hybrid cucumbers according to recipe E and fermented at 21°C in loosely closed j jars

b Milliequivalents per 100g
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